Simple Summary: This study found that less than 15% of Thai nationals engaged in semi-ownership practices, such as feeding, but that few of these stray cats and dogs had been sterilised. Intentions to sterilise in the future were predicted by religious beliefs, attitudes towards sterilisation, perceived pressure from others, and beliefs about personal capacity to sterilise (such as affordability). Community awareness campaigns that approach the issue of sterilisation in a way that is consistent with cultural and religious traditions using Thai role models, such as veterinarians, may go some way in reducing stray animal population growth.
detractors (see [18] for a summary of the main issues). While there are reports of success [19, 20] , the capacity for CNVR to reduce, and ultimately eliminate, stray/feral populations remains largely theoretical [21] , requires a "long-term commitment of resources" [20] (p. 1361), and may not be appropriate in all situations, particularly those requiring urgent environmental intervention (e.g., when the survival of an indigenous species is threatened by predation from cats). Nonetheless, at the least, sterilisation offers a more ethically palatable alternative to euthanasia and is unlikely to be associated with significant adverse welfare outcomes.
Animal Population Control in Thailand
Research on community attitudes towards animal population control (APC) interventions in developing nations is scarce. However, this may be particularly pertinent in nations in which (1) large stray companion animal populations are a tolerated feature of community life and (2) cultural/religious traditions discourage interference with natural biological processes, such as breeding. To this end, concerns about sterilisation have previously been raised by Muslim and Buddhist Thais [22, 23] . For instance, a Thai interview respondent reported that "If you take them (cats) to a Buddhist vet, they may not even do the desexed thing. I didn't know that before" [23] . Moreover, we found that most Thai companion animal owners had not sterilised their cat or dog and, of those that had, most believed that sterilisation had not been consistent with their religious beliefs [24] . Other research undertaken in Thailand also confirms low sterilisation rates amongst Thai dog owners [25] . Taken together, these, albeit limited, findings suggest the need for ongoing exploration to determine Thai beliefs, values and attitudes towards sterilisation to achieve APC.
Psychosocial Determinants of Sterilisation
Stray cats and dogs are said to exist as a function of human attitudes and behaviours, such as semiownership practices, however these are poorly understood [26] . Nonetheless, it is generally accepted that attitudes towards a particular behaviour, such as sterilisation, are a key determinant in predicting the enactment of that behaviour. These principles are outlined in the Theory of Planned Behaviour (TPB) which suggests that background demographic and psychosocial factors (such as knowledge, beliefs, and values), influence the formation of attitudes, perceived social norms and perceived personal agency and that these, in turn, influence behaviour (see Figure 1 ) [27] . For instance, some research has linked personality attributes, such as agreeableness, to attitudes towards animal welfare and their use [28] . Moreover, gender and animal empathy have both been associated with attitudes towards sterilisation practices [29] [30] [31] . As has been demonstrated previously [32, 33] , the TPB model offers a means of developing our understanding of attitudes towards companion animal ownership and population control management, such as sterilisation, in non-western cultures.
Humane APC management is a global challenge that continues to present opportunities for improvement through innovation, partnership and community engagement. While NGOs will no doubt play an integral role in the future of APC management in emerging economies, enhanced community engagement and ownership of such programs is essential for their ongoing sustainability and effectiveness [34] . Greater understanding of local attitudes towards pet ownership practices and APC management is an important way forward in this regard. 
Study Aims
Given that stray populations are at least partly maintained via semi-ownership practices [5] , the first aim of this study was to determine the prevalence of semi-ownership of cats and dogs in Thailand. Second, using the TPB, we aimed to identify psychosocial factors that predict intentions to sterilise in semi-owners.
Method

Participants and Procedure
A random telephone interview was undertaken between the 11th and 18th March 2011 by Foresight Research Co., Ltd. to recruit 500 Thai nationals aged 18 years or older. The stratified sample comprised equal representation from provinces within Bangkok, Central, Northern, North Eastern and Southern Thailand. Participants were contacted via landline telephone, which are in use by 21.40% of Thai households overall and 50% of households in Bangkok [35] . Potential participants were recruited via stratified, simple random sampling and one attempt was made to contact every 15th or 20th individual listed in the telephone directory. In total, contact was attempted with 5,727 potential participants: no contact was able to be made with 1,683 individuals; 3,544 declined to participate; and 500 agreed. This constituted a 12% recruitment success rate. Six respondents were excluded as non-Thai nationals. The final sample comprised 494 adults (Male = 146, Female = 348), with a mean age of 37.69 years (SD = 12.61), residing throughout rural and non-rural regions in Thailand. Of these, 102 respondents (20.65%) indicated that they regularly interact with and care for a cat and/or dog that they do not claim to own and were thus deemed "semi-owners". This sub-sample (n = 102) comprised 67 females and 35 males with a mean age of 38.11 years (SD = 13.21). Most were technically/tertiary educated (66.7%), employed full time (61.8%), Buddhist (96.1%), and married (57.8%) with an average monthly income of 13000THB (approximately equivalent to $410USD). The subsample of semi-owners (n = 102) was similar to the larger sample of non-semi-owners (n = 392) in terms of age, gender distribution, region of residence, education, employment, religion, relationship status and monthly income, with no significant differences between groups identified (p > 0.05). Moreover, these characteristics are broadly in keeping with national Thai statistics [35] , with the exception that this cohort were somewhat more highly educated and had greater access to landline telephones (as was the also case for the total sample, N = 494).
Materials
The Thai version of the Culture and Human-Animal Interactions (CHAI) survey was used to interview respondents in relation to:
(1) Demographic characteristics: gender, age, highest education attained (e.g., Primary, Secondary, Tertiary), residency (e.g., Urban, Suburban, Rural), employment status (e.g., Full Time, Part Time), relationship status (e.g., Single, Married, Divorced/Widowed), religion (e.g., Buddhist, Muslim), spoken language, income, pet keeping and sterilisation practices. (2) Psychosocial (TPB) factors: knowledge (e.g., "Female cats and dogs need to have one litter before being desexed"), beliefs (e.g., "De-sexing this cat is consistent with my religious beliefs" and "Sterilization makes cats overweight"), subjective norms (e.g., "People who are important to me think that I should de-sex this cat"), perceived behavioural control (e.g., "Financial constraints prevent me from de-sexing this cat") and intentions (e.g., "I intend to de-sex this cat in the near future") regarding sterilisation. Items were answered using a five point Likert-type scale, anchored by 1 = strongly disagree and 5 = strongly agree. Attitudes towards sterilisation were indexed using opposing attitudinal descriptors (e.g., harmful vs. beneficial) [36] ; higher scores represent more positive attitudes towards sterilisation. (3) Animal Empathy Scale [37] : eight positively and eight negatively phrased empathy items indexed using a five point Likert-type scale (1 = strongly disagree and 5 = strongly agree). Total scores could range from 16 to 80 and high scores indicated higher animal empathy. (4) The Ten Item Personality Inventory [38] : provided an index of personality characteristics using a 5 point, Likert-type scale, where 1 = strongly disagree and 5 = strongly agree. Five personality dimensions were examined including extraversion, agreeableness, conscientiousness, emotional stability and openness to new experiences. High scores indicate a tendency towards the specified trait.
Statistics
Principle Components Analyses was used to identify constructs drawn from multiple items; subscales with acceptable internal consistency (Cronbach's alpha 0.7) were used in subsequent analyses. Correlations and Hierarchical Multiple Regression (HMR) models were used to examine demographic and psychosocial factors that predict intentions to sterilise semi-owned cats and dogs in the near future (1 = strongly disagree and 5 = strongly agree). Cook's distance (<1) confirmed the normality of the residuals. The structure of the HMR Model can be seen in Table 1 (categorical demographic variables were dummy coded). Alpha was set at p 0.05. 
Results
Cat Semi-Ownership and Sterilisation
Of the entire sample (N = 494), 55 respondents (11.13%), comprising 18 males (32.7%) and 37 females (67.3%), indicated that they regularly interact with and care for a cat they do not own. Of these semi-owned cats, there were somewhat more females relative to males (52.7% vs. 47.3% respectively) and 36.4% wore collars. Most cat semi-owners did not think that they were the main person who looked after the cat (76.4%). In relation to ownership, 45.5% believed the cat was owned by someone, 30.9% believed the cat was unowned, and 23.6% were unsure. Only 7.3% the cats were known to be desexed (n = 4), with 60% known to be intact and 32.7% of semi-owners were unsure.
Dog Semi-Ownership and Sterilisation
In relation to semi-owned dogs, 71 respondents, comprising 23 males (32.4%) and 48 females (67.6%), indicated that they interact with and care for a dog they do not own; this represented 14.37% of the entire sample (N = 494). Most of the semi-owned dogs were male (59.2%) and did not wear collars (74.6%). Almost half of the dog semi-owners (49.3%) believed the dog was owned by someone else, 33.8% thought the dog was unowned and 16.9% were unsure. Most dog semi-owners did not believe that they were the main person looking after the dog (76.1%). Only 16.9% of semi-owners thought the dog had been desexed (n = 12), 66.2% indicated that the dog was intact and a further 16.9% were unsure.
Of the sample of semi-owners (n = 102), most (n = 73, 71.6%) also indicated ownership of a cat and/or a dog.
Religion and Sterilisation
Mean agreement that sterilisation had been consistent with respondents' religious beliefs was low for dog semi-owners (n = 12, Mean = 2.00, SD = 0.95) and cat semi-owners (n = 4, Mean = 1.75, SD = 0.50). Similar findings were observed for semi-owners of intact animals, with most indicating disagreement that the decision to sterilise their intact semi-owned cat (n = 51, Mean = 1.86, SD = 0.87) or dog (n = 59, Mean = 1.61, SD = 0.77) would be consistent with their religious beliefs (see Figure 2) . 
Attitudes towards Sterilisation
Semi-owners of cats (n = 55) and dogs (n = 71) were asked to indicate their attitudes towards sterilisation. As can be seen in Figure 3 , attitudes towards sterilisation among cat and dog semi-owners were moderately positive and no significant differences were observed between groups. In addition, no significant differences in attitudes towards sterilisation as a function of semi-owner gender emerged. Cat semi-owners Dog semi-owners
Mean Attitudes
Beliefs Regarding Health and Behavioural Outcomes of Sterilisation
Cat (n = 55) and dog (n = 71) semi-owners were asked their beliefs about the health and behavioural outcomes of sterilisation for cats and dogs. As shown in Figure 4 , the findings indicated some positive (i.e., health, companionship) and some negative (i.e., frustrated, bored, territorial, aggressive) beliefs about sterilisation outcomes. Semi-owners believed that sterilised animals become less energetic, but not overweight. There were no significant differences between cat and dog semi-owners. Cat semi-owners Dog semi-owners
Mean Attitudes
Knowledge and Beliefs about Pet Care Practices
In general, semi-owners (n = 102) and non-semi-owners (n = 392) demonstrated moderate knowledge regarding pet care practices. Few significant differences between these groups emerged (see Table 2 ). 
Agency, Norms and Sterilisation
Mean agreement regarding normative pressure and perceived agency to sterilise was examined in cat and dog semi-owners. In general, all respondent groups indicated low to moderate agreement that important others would support sterilisation or that the decision to sterilise had been entirely up to them (see Table 3 ). Semi-owners of intact semi-owned cats and dogs further indicated low to moderate agreement that perceived obstacles prevented sterilisation (Table 4) . Table 3 . Mean agreement with agency and norm statements by semi-ownership category (1 = strongly disagree, 5 = strongly agree). 
Animal Empathy Scale
Total mean animal empathy scores in semi-owners (n = 102) ranged from 45 to 76.9, with a mean of 58.13 (SD = 8.05), indicating a tendency towards animal empathy. Animal empathy was significantly higher in semi-owners compared with non-semi-owners (n = 392, M = 54.53, SD = 5.87), t(492) = 5.07, p < 0.001. Within the sample of semi-owners (n = 102), cat semi-owners (n = 31, M = 55.03, SD = 6.62) had less empathy towards animals than dog semi-owners (n = 47, M = 59.27, SD = 7.87) or cat/dog semi-owners (n = 24, M = 59.87, SD = 9.20), F(2,101) = 3.50, p < 0.05.
Personality, Attitudes and Empathy
The TIPI was used to examine personality characteristics in semi-owner (n = 102) vs. non-semi-owner (n = 392) groups. Mean scores for both groups were around the midway point of the 5-point scale for each of the personality domains (extraverted, agreeable, conscientious, emotional stability and openness). The results showed that semi-owners were significantly more open to experience than non-semi-owners, t(492) = 3.46, p < 0.001. Pearsons correlation coefficients were used to identify associations between personality, attitudes and empathy in semi-owners (n = 102) (see Table 5 ). With the exception of extraversion, all personality domains were associated with attitudes towards desexing and animal empathy. 
Intentions to Desex Semi-Owned Cats and Dogs in the Future
The findings revealed low intentions for cat (Mean = 2.12, SD = 1.14) and dog (Mean = 1.17, SD = 0.99) semi-owners to sterilise in the near future; differences between groups were not significant. In total, 66.7% of cat semi-owners and 79.7% of dog semi-owners strongly disagreed or disagreed with the statement "I intend to desex this cat/dog in the near future".
Point biserial correlations failed to identify any associations between demographic factors and intentions to sterilise semi-owned cats and dogs in the near future (p > 0.05). There was an inverse association between intentions to desex semi-owned dogs and agreeableness (r = í0.37, n = 59, p < 0.01) and conscientiousness (r = í0.26, n = 59, p < 0.05), but apart from these, personality and animal empathy were not associated with intentions to sterilise semi-owned animals in the future (Table 6 ). In general, intentions to sterilise semi-owned cats and dogs were associated with TPB variables including attitudes, religious beliefs, norms and perceived behavioural control variables (e.g., agency, financial constraints, access to veterinarians, commitments). The HMR model for intentions to sterilise semi-owned dogs in the future was highly significant F(9, 48) = 11.45, p < 0.001. Respondents living in Southern Thailand (ȕ = í0.31) and those that were agreeable (ȕ = í0.26) were less likely to hold intentions to sterilise semi-owned dogs in the future. Conversely, respondents who perceived normative pressure to sterilise (ȕ = 0.46), perceived sterilizing to be consistent with his/her religion (ȕ = 0.40), considered the decision to sterilise entirely theirs to make (ȕ = 0.42), believed that sterilisation was affordable (ȕ = 0.21), but that financial constraints prevented them from sterilising (ȕ = 0.27) and did not believe that they could make arrangements to sterilise if they wanted to (ȕ = í0.48), were more likely to hold intentions to sterilise. These factors accounted for 62.3% of the variance in intentions to sterilise semi-owned dogs in the future (see Table 7) . A significant HRM model was also achieved for intentions to sterilise semi-owned cats in the future, F(7, 42) = 21.59, p < 0.001. Respondents who had only attained a Primary school level of education (ȕ = í0.32) and that held the belief that they could not arrange to have the cat desexed if they wanted to (ȕ = í0.26) were less likely to intend to sterilise semi-owned cats in the near future. Conversely, respondents who perceived normative pressure to sterilise (ȕ = 0.28), believed that the behaviour was consistent with their religious beliefs (ȕ = 0.20), believed that the decision to desex was entirely theirs to make (ȕ = 0.62), and that personal commitments prevent desexing (ȕ = 0.36) were more likely to intend to sterilise semi-owned cats in the future. These factors explained 74.6% of the variance in intentions to sterilise semi-owned cats in the near future (Table 7) . 
Discussion
This study sought to determine the prevalence of, and attitudes toward, cat and dog semi-ownership and sterilisation behaviours in Thailand. The small proportion of the total sample (N = 494) that indicated semi-ownership of a dog (14%) and/or a cat (11%) appears lower than that observed in Australia, where it has been reported that 22% of Victorians engaged in cat semi-ownership behaviours [4] . Of the 102 semi-owners, most (n = 73) combined cat and/or dog ownership with semi-ownership, which has also been reported in Australia [4] . The comparatively low level of semi-ownership in Thailand may reflect some difficulty in meeting the financial burden of caring for "unowned" animals in addition to those already owned. Research that explores community perceptions of, and attitudes towards, a broader suite of behaviours involved in pet ownership, and semi-ownership, is needed to understand this further; qualitative research is presently underway in Thailand to this effect.
The rates of sterilisation of semi-owned cats and dogs were low (7.3% and 16.9% respectively) and semi-owners of intact animals indicated low intentions to sterilise, with most cat and dog semi-owners (66.7% and 79.7% respectively) strongly disagreeing or disagreeing that this was something they intended to do in the near future. Given a cultural context in which the tradition of "making merit" through feeding those less fortunate is well entrenched, it is likely that this population of semi-owned cats and dogs are sufficiently well nourished to breed. Further research that specifies semi-owner feeding behaviours, knowledge of breeding habits among semi-owned animals, and beliefs regarding the practice of making merit through feeding will provide greater clarity in this regard.
Psychosocial Factors and Intentions to Sterilise in The Future
In keeping with the TPB [27] , we sought to explore the extent to which background (i.e., demographic, personality, religious and knowledge factors) and psychosocial (such as attitudes and perceived norms) factors predicted intentions to sterilise semi-owned cats and dogs in the future. The results revealed strong support for the TPB model, such that 62% and 70% of the variance in intentions to sterilise cats and dogs in the near future, respectively, was explained by attitudes, perceived norms and perceived behavioural control variables. Unlike some past research [30] gender was generally unrelated to attitudes towards sterilisation practices. The findings generally suggest that positive attitudes towards sterilisation and the perception that important others would endorse this practice predicted a greater likelihood of sterilizing in the future; community awareness programs that promote the benefits of sterilizing and normalize it through endorsement by Thai opinion leaders may encourage future engagement in this practice. Towards this end, qualitative research with Thai veterinarians is underway to understand their role in shaping community pet keeping behaviours.
Several PBC factors were also related to sterilisation intentions in semi-owners. Perceived personal agency with regard to the decision to sterilise was among the most influential predictors; community awareness programs that encourage responsible ownership, in keeping with Thailand's merit-making traditions, may go some way towards resolving this issue. Additional PBC factors, such as the perceived capacity to make arrangements to sterilise, access to veterinarians, and personal and financial commitments, also predicted intentions to sterilise in the future. Taken together, these findings suggest several perceived barriers to desexing, which may explain why those intending to sterilise have not already done so. The prominence of financial and access obstacles suggests the potential utility of mobile, low cost sterilisation programs that have proven successful elsewhere [39] .
Our findings further revealed that religious beliefs negatively intersected sterilisation intentions such that 75% or more semi-owners believed that this practice would not be consistent with their religious beliefs. Moreover, of the small number of semi-owners who had already sterilised their animals, the majority (75%) did not believe that this had been consistent with their religious beliefs. It can be speculated that, in a largely Buddhist nation, animal population control strategies that demonstrate their alignment with religious traditions may be more successful, for example, by "preventing the future suffering of cats that are without homes and being destroyed by the authorities" [40] . Community consultation is needed in this regard to develop strategies that optimise this approach.
Limitations
In light of the low recruitment success rate, it is possible that the findings presented here may not be representative of Thai nationals in general. The extent to which a response bias (e.g., such as affluence) and/or an under-coverage bias (e.g., the use of landline telephones for recruitment) may impact knowledge of, and capacity/motivation to engage with, APC strategies remains unknown. Future research that includes affluence in stratification and that uses randomly generated mobile phone numbers may go some way towards addressing these issues.
Conclusions
In the absence of effective partnerships between government and non-government organizations [3] , the long-term sustainability of APC programs dictates even greater need for community initiation, co-operation, and engagement [34] . However, community engagement in such programs is often minimal [22] . While situational factors account for some of the low participation rates, our research has shown that psychosocial factors are an important component of intentions to engage in sterilisation practices.
Our research provides new insights regarding the knowledge base, attitudes, perceived barriers and sterilisation practices of Thai semi-owners that may be used to guide non-government APC initiatives. In this regard, responsible ownership education programs that emphasise their alignment with cultural/religious beliefs and values (i.e., concern for the well-being of animals) may better engage communities. The development of any such programs should engage communities through consultation to engender inclusive and sustainable methods that address the needs of all stakeholders. Community development APC strategies that emphasise their alignment with cultural/religious traditions and that promote personal agency, access, and affordability using Thai role models are likely to have greater, long-lasting success.
